
\

1

Spaceborne imaging Radar-C: An Advanced imaging Radar Studied the l{arth

by Yuhsyen Shcn, 1%. 1].
Jet Propulsion I.aboratory,  California ]nstitute of l’ethnology

After nearly 10 years of h i a t u s , the lJ.S. l a u n c h e d  the mos{
sophisticated imaging radar ever on-board the space shuttle lhdeavor twice
within a year as part of NASA’s Mission to l’]anct IIarth Program, The Space
Radar 1,aboratory  (S1<1 ,), consisted of the NASA /JPl. Spaceborne imaging
Radar (SIR-C), the @vm~an/ltalian  X-l\ancl  Synthetic Aperture Radar (X-SAR),
and the NASA/l, angley Measuring Air Polllltion  from Space (MAI’S). S1<1,
was flown as the primary payload for two 1 l-day missions, STS-!N in April,
and S3’S-68 in Octobw  of 1994. S1<1, had near flawless performance in each
mission allowing for over 110 tera-bits of radar data to be collected in support
of 52 scicmce investigations involvins  12 countries. Survey image producfs
were  available within 3 months following each missions. 1 ligh resolution,
calibrated images will be processed over a 2 year period as required to support
science  investigators. Both SIR-C and X-SAR belong to the class of radar
called synthetic aperture radars (SAR’S) which operate in the microwave
regime and are capable of generating high resolution images. Operating in the
portion of electromagnetic spectrum that is known for immunity to blockage
or perturbation from microparticles  such as clouds and rain, SAR offers  all-
wcathcr  operations for near-surface imagins. 1,ike most radar systems, SAR
provides its own illumination, enabling 24-lmur operation regardless of solar
illumination. in addition, SAR imagery provides unique  measurements
relating surface feature interact ion with microwaves, w h i c h  i s
complimentary to what other sensors operating in other portions of the
spectrum can provide. With these capabilities, SAR systems have been a tool
of intmest  for many earth science disciplines, as demonstrated by the variety
of disciplines represented by the SII<-C/X-SAI{  science team. The primary
disciplines of team m e m b e r s  are ecolosy,  geolo~y, hydro logy ,  and
oceanography,  au~mented  by electromagnetic theory and calibration
technique investigation.

SIR-C is the third generation of SAR’S aboard the space shuttle. 11s
predecessors, SII<-A and Sll<-l\ (flown cm S~’S-2, 1981, and STS-41 G, 1984,
respectively), were  direct descendants from the first spaceborne remote
sensing SAR flown on S1!ASAT in 1978, With experience and lessons learned
from its predecessors and with the advance of new technologies, Sll<-C/X-
SAR is the most  power fu l  and v e r s a t i l e  r a d a r  of its genre. 3’lIC
multifrcquency,  multipolarizaticm  versatility is what makes SIR-C /X-SAR
stand out among the spaceborne SAR systems of the past (e.g. U.S. S1!ASAT
SAR, SII{-A,  S1 R-B), the present (Iiuropean IiI{S-l and ]apanesc  JERS-1 ), and
in the near future (Canadian I{adarSArl’). Although primari~y the result of
various requirements demanded by the diverse  fields of investigation, SIR-
C’s versatility also expresses the desire to demonstrate SAR tcchno]ogy  in its
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many cmgincwring experimental modes. Among them  spccia]  operation
modes  arc wide-swath mapping scanning SAR and high resolution spot-
mapping SAR, which are being studied for future SAR missions,

lmageci areas respond, or back-scatter energy,  cliffcren{]y for different
frequencies, Sll<-C/X-SAR operates in three freqtlcmcim: 1,-bancl  at 23.5 cm
wavelength, C-band at 5.8 cJn wavclen~th  and X-band at 3 cm wavelength.
Operatiml  is either simultaneous or independent, }Ior a givcm extended
target, the scattering mechanism is a mixture of sllrface scattering and
volume scattering, and the dominance of one over  another is a strong
function of wavelength. in general surface scattering is more prominent at
shorter wavelengths and volume scattering is more prominent at longer
wavelengths enabling the longer wavelength to penetrate or see-through the
surface for some targets. llven for surface scattering, the scale of surface
features, e.g. rcmghness, will enhance scattering in one wavelength over
another, ~’he three frequency capability of SII{-C/X-SAR  allows the scientists
to exploit the scattering phcmomcmcm  manifested in these three frc~qucmcies
for target characterization and classification. lhlring the missions, SII<-C/X-
SAR operated simultaneously to acquire  data from the majority of sites,
making three frequency comparison possible,

~’hc b a l a n c e  o f  d a t a  covered  herein  will focus on the NASA/Jl)l,
imaging radar, SIR-C.

I/or I, and C-band, SIR-C can acquire scattering data to fully describe  the.
scat{ cring  from a target. “J’he reflectivity of a target is a strong function of
polarization. in general, four complex qtlantities  which constitute the four
clemcmts  of the scattering matrix are needed  to characterize the target
reflectivity, The polarization of the illumination can be decomposed into a
chosen set of two independent polarization bases, e.g. vertical and hori7,0ntal
pair or right-hancl  circular and left-circular pair. ~’his is also true for the
polari7,ation  of the reflected signals . A l t h o u g h  the useflllness  of this
polarization diversity has long been recognized, the utilization of full
polarization was not reali~,e.cl until after the first airborne SAR bearing the
capability became operational in 1985. SIR-C is the first spaceborne SAR
equipped with this capability. l’u]ses of vertical polarization and horizontal
polariy,ation can be transmitted alternately, and the returned echoes due to
each transmitted polarization are received  in both vertical and horizonta]
polarizations. More important, once these four polarimetric  measurements
are obtained and system-induced bias among them removed, reflectivity
arisen from any polarizations can bc synthcsix,ecl.  A scientist can select  or
synthesize  one or more polarizations, or the characteristic variation among
polarizations, to enhance the ability to discriminate and classify various types
of targets of interest.
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The SIR-C antenna consists of two antennas, onc for each frcqucmcy.
Since the two antennas are of similar architecture, the C-bancl antenna will be
used as an example. McasL]ring 12.05 m (along-track) by 0,75 m (cross-track),
the C-band antenna is a dllal-~>olarizlatioll  phased array antenna consisting of
18 by 18 dual-polarization elements, each containing a pair of phase-shifters,
one for each polarization. By controlling the values of the phase-shifters, the
antenna beams can be pointed electronically to f 10 along-track and j 23° cross-
track from the mechanical tmrcsight. “1’lw quick beam switching capability
enables SIR-C to image two closely spaced target sites at very different look
angles  in succession. It also made available other interesting operational
modes. I/or a selected beam width, the beam can be switchccl  cyclically to scan
in the cross-track dimcmsicm over a swath four times wider than that a single
beam would cover in one SIR-C exper imenta l  mode called ScanSAR  mode.
Another mode  is to scan the antcmna  beam in along track dimension by
pointing a beam toward a selected target for the 2° scanning limitation, thus
considerably increasing the time over which a target  would normally be
exposed for 0.25° without scanning. ‘1’his  spot-light mode operation improves
the resolution along track, as it lengthens the. target  exposure time.  By
manipulating the phase shifter val~lcs,  the SIR-C antenna beam width can he
varied from 5,2° to 18.4° in cross-track. “1’his  allows more flexibility in trading
off performance vs. coverage.

l’here  arc hundreds of transn~ittcr/rcceivcr  modules (T/1{’s) cm~buldcd
in each SIR-C antenna. The architecture of this active array is conducive to
improved sensitivity, to increased transmit power and to lower overall noise
contribution. in addition, the distributed layout and large number  of 1’/1{’s
allow failure of some T/1<’s without significantly degrading the radar
performance. %nnc “1’/1{’s did fail during the mission, qlwse  failures were
uncovered through a special engineering sequence  exercised frequently
during  the mission, Once detected, compensation is easily  applied during
calibrated image processing,

Opm-aticms of the SAR requires  a platform, which is the shuttle in this
case, accompanied by the entire shuttle infrastructure for payload integration
and operations. Tools am needed to plan the data takes prior to the missions
and to control the radar to set up the proper radar parameters for a specific site
during the mission. ‘1’he SIR-C mission planning and operations system
provides this utility and more, It interfaces with the shutt]e mission control
center  to receive orbit and radar telemetry. It delivers radar commands back to
mission control and planning information to its X-SAR  counterpart, lior
most of the mission time SIR-C and X-SAR were collecting data from the
same target  sites simultancmusly and operating synchronously. The Sll<-C-
relatcd crew ac t iv i t i es  were planncxl, rev i sed  and  up]inked  during  the
missions, ‘~’hese  activities included special crew observation, special shutt]e
maneuvering, recorder maintcmance  and tape changes. It also contained data
downlink  events for ground data recording. All SIR-C mission re]cwant
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information was archived by the mission operations system, most of it in a
large database. Mission planning inputs, radar commands, and radar
telemetry (at a rate of 1890 bytes per second) were among those archived for
future usage. l’roblems  encountered  during  the missions were also
documented for later reference.

It is no trivial matter  to generate  an optimal mission timelinc  within
the known constraints. lior each SIR-C flight, some 700 science datatakes  were
attained by commanding to a specific configuration carefully selected  by the
science team.  The mission operations system provides the utilities for
scientists and p]anners  to optimiy,e the timeline  through many models  and
the complicated inter-dependent relationship among them. The pertinent
information from these models was presented to the p]anners  for proper
prioritization and trade-off, and the resultant timeline  was presented to the
entire operations team for visualizing upcoming events. IIuring the
missions, the parameters of models were updated and actual measurements
were constantly fed to the models to revise future predictions. New target-of-
opportunity sites were requested by investigators and incorporated into this
process.

Raw SAR data, as captured by the radar, has the ap~marance  of Gaussian
noise  with the exception of strong point-like targets. images suitable for
scientific investigation emerge  from the raw data only after computation
intensive, and time consuming processing. l’he SIR-C processor is the last,
but not tho least, of the three segments in the flow of the .S1 R-C program, the
other two being the flight radar instrument and mission operations system.
“J’he processor relies  cm the ancillary information delivered by the mission
operations system as well as that embedded in the radar data to convert the
noise-like radar data into quality imagery. It applies correction factors to
remove known systematic biases, e.g. antenna pattern and system imbalance,
to provide quantitatively calibrated images. Givcm the complexity of the
radar, it is not surprising that the processor has to be as capable, in addition to
image generation, the SIR-C processor system also provides utilities to handle
processing requests and quick dissemination of final products,

The quality of radar images is usually quantified by: the sharpness of a
point-target response attainable in the image; by the great simplification of the
radar as a ]inear system, and by the contamination of undesired signals sLIch
as sidclobcs, ambiguities and noise, all of which detract from image
interpretation, As nature would have it, sharper point-target response can be
achieved  at high ICVC1 of contamil~ation.  };or a SAR, the sharpness of the
point-target response in the along-track dimension is highly depcmdcmt on
the platform attitude control and how the orbit information is being used by
the processor. l~or the SIR-C mission, the shuttle attitude control performed
rcmarkab]y  well. Vernier jets were constantly fired to control the attitude to
better than requirements, which ironically rendered some sophisticated
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algorithms prepared by the processor unnecessary, The high degree of
coherence req~lired of a SAR with a wavelcmg[h comparable to the dimension
of homogeneous targets  on the ground, creates speckle in the images of such
targets. 1 laving  a highly grainy appearance, the radar speckle,  which closely
relates to laser speckle p}~ysically  and mathematically, render the images less
interpretable hut can be suppressed by combining independent images of the
same scene  at the cost of resolution, ~’he SIR-C processor implemcmted
algorithms which strike a balance between these trades. image products are
available in several formats, ranging from low resolution strip survey images
to high resolution complex frame images,

l’erhaps  the most important aspect of SIR-C products is that the images
are calibrated. Calibration is a process by which the residual systematic biases
in the measurements arc determined and removed in the final products,
which for SIR-C are the radar imagery. Only when these systematic biases are
removed,  can more quantitative and cross-sensor comparative studies be
performed. ljor SIR-C, calibration requirements were levied  in three
categories: radiometric,  polarimetric,  and gcmmetric calibrations, and each of
these categories can be further divided into short-term within an image or
long-term over many clatatakes. SAR calibration has advanced significantly
during  the period SIR-C was being  implemented, in particular in the
polarimetric  calibration areas; after all, the advent of a full polarimctric  SAR
is only a relatively reccmt event. Since SIR-C provides data in different
polarizations and freqllcncies,  the biases among these channels have to be
removed, in magnitude, phase, as well as pixel location, so that the images
from different frequencies and polarizations are registered and can be

4 compared between frequencies and synthcsi~,ed  to any desired polarizations.
‘J’he SIR-C processor obtained the calibration information from two sources:
from the pre-missicm  radar test data and in-flight radar data, known as
internal calibration, and from the known characteristics of targets on the
ground which is commonly known as external calibration. ~’he injection of
calibration signals by the radar into returned signals and antenna modeling
from pre-missicm  testing are generally considered internal calibration,
whereas the deployment of targets with known signatures and radar
performance monitoring equipment at carefully surveyed locations for
selected sites are externa] calibration, It was no small feat that a fully calibrated
dual-frequency polarimetric  image set was released only several days into the
first mission. It is even more significant that SIR-C processor is presently
delivering calibrated images as standard products.

SIR-C started with a set of science requirements and a science plan in
1985. I/or two brief 1 l-day periods in April and October, 1994, it had met the
challenging requiremcmts  and beyond. It was a tremendous and exciting
demonstration that a radar of this complexity and versatility can be built with
all the companion elements to support its planning, operations and j>roduct
generation. SIR-C had collected an arguably “ultimate” set of data which arc
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simultaneous multi  frequency and l~llllti]>o]arizatiol~ over two different
seasons in a single calendar year. Complemented by the concerted
measurements conducted on the ground during the missions, scientists of
various disciplines have at their disposal the best and complete set of radar
data to compare with their theories and models  and refine their algorithms.
~’hc interferometry experiment conducted during the second fjight  clearly
clcmonstrated  that global high resolution topographic maps are within the
reach of current SAR technology. The usefulness of various experimental
modes and specific engineering designs will be evaluated. lJndoubtedly,  more
exciting results will be forthcoming in the years to come -- for LIS to better
understand what applications can best be served with a further refined SAR
in {he future.

Currently the Officc  of the Mission to l’lanet  IIarth of the National
Aeronautics and Space Administration has underway a review by the
National Research Council  of the value of SAR to the science community.
‘1’hc outcome of this study will provide a major input to NASA’s long term
plan for the U.S. civilian SAR program. Options under consideration include
additional flights of SIR-C/X-SAR  for additional seasonal coverage or with an
e m p h a s i s  on interferometry, conversion of the SIR-C /X-SAR  into an
independent, free flying spacecraft, the developmcmt of an interferometric
SAR system focused on the production of a high resolution (30 meter), high
accuracy (2 to 5 meter) global IIigital lilevaticm Model (l)lIM), and the
development, with the participation of foreign partners, of a SIR-C /X-SAl<
free flyer system utilizing modern  technologies to light weight and
miniaturize components,
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Captions and Table

[Iligum Caption]
SIR-C imaging scenario.
l~lying at an nominal altitude of 225 km with nominal velocity of 7.5 km/see cm-
board  {he space  shuttle,  SIR-C points its antenna away from nadir and
perpendicular to the flight track to image target areas on the ground. This image
scenario creates an image swath in the along track dimension with the swath
width in the cross-track dimension limited by the footprint of the SIR-C. antenna
beam. SIJ{-C can electronically stem its antenna to look at targets between 20° to
60° from nadir and provide different antenna beam width to result in 15 to 90 km
swath coverage. Iluring  data acquisition, SIR-C sent narrow microwave pulses
toward the target repetitively and the returned signals of these pulses were
processed after the flight to generate high resolution images.

[Photo  Caption]
~’aken  with a hand-held 70-mm camera through the space shut(]e’s  aft flight deck
window during the April flight, this photograph shows the payload bay of the
llndeavour with an area of the Pacific Ocean northeast of Hawaii in the
background. The SIR-C antenna, with its large triangular support structure and
flat antenna panels, almost fills the payload bay. 3’lw larger panels in the center
constitute the 1,-band antenna and the smaller panels toward the starboard side
of the shuttle are the C.-band antenna. lloth 1 j-band and C-band antennas are
electronically steerable phased arrays. The tilting of the X-band antenna, located
at the port side of the shuttle, is controlled mechanically. The bulk  of the
remaining radar electronics are located under the antenna strtlcturc  and
mounted on a cargo pallet, which are invisible from this perspective. ‘J’he
recorders are located inside the crew cabin.

[Radar image Caption]
Mt. Rainier, Washington.
~’he majestic Mt. Rainier was captured by SIR-C during its second flight in this 59
km by 60 km image. T’he image is a composite of simultaneous 1,- and C-band
images of selected polarizations; red and green represent 1.-band horizontal] y
and vertically polari~,ed backscatter  components, respectively, when the site was
illuminated with horizontally polarized pulses, blue indicates the C-band
vertically polarized received component clue to horizontally polarized
illt~mination.  in addition to highlighting topographic slopes of the area, this
par(icu]ar  color rendition exploits the sensitivity of ground feaiures  in response
to different radar freqLlencies  and polarizations to bring out features of interest to
scientists. l+m example, forested regions are in pale green color; clear cuts and
bare ground are bluish or purple; ice is dark green and white. Radar images
allow scientists can be used to study the volcanic structure and the sLlrroLlllding
regions. in addition, by manipulating polarization and frequency parameters,
SIR-C images allow scientists to monitor the recovery of forested lands from
natural disasters, m- deforestation and reforestation activities.
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[Radar image Caption]
Changes sLlrrcmnding Mt. T’inat  ubo, the Philippines.
Acquired in April and C)ctober, 1994, these two composite SIR-C images of areas
surrounding Mt. Pinatubo  show significant changes in the intervening five-
nmnth period. The same pseudo-color scheme was applied to each image to
combine J,- and C-band images of selected polarizations. l{ed on the high slopes
shows the distribution of the volcano ash deposited during the 1991 eruption.
‘1 ‘he dark drainage radiating away from the summit indicates smooth mudflows,
which even three years after the eruption continLle to flood the river valleys after
heavy rain. Comparing the two images shows that significant changes have
occurred along the I]asig-I’otrero rivers (the dark area in the lower right of the
images) and the surrounding areas due to the monsoon season bet wecn two S1 l<-
C flights. Radar imaging is particular useful, due to its insensitivity to weather
disturbances and solar illumination, during the monsoon season when the
mudflows form. Combing frequency and polarization, radar images can bring
out features relevant to mudflows which are more difficult to identify by other
sensors. I:rcquent  imaging of these mudflows will allow scientists to better
predict when they are likely to begin flowing again and which communities
might be at risk.

[Radar image Caption]
~’orographic map of I ,ong Valley, California.
The topographic contours on top of the radar image were derived from a pair of
SIR-C l.-band images, one obtained during the first flight and the other during
the second mission, During the second flight the shuttle and the radar were
carefully controlled to repeat nearly the same imaging geometry to the first flight
except for a slight difference in look ang]e. The color and the contours (at 50 m
intervals) shown in this image are elevations derived interferometrically  from the
phase information of these two images, while the brightness is clctermineci by the
radar backscatter. The height accuracy of this digital elevation model is estimated
to be 20 m over an area of 50 km by 50 km near 1,ong Valley, California. The
interferometry experiments conducted during  the SIR-C  second flight
demonstrated the feasibility of using spaceborne imaging radars to obtain
elevation information of the target site. The interferometric  data sets acqtlired by
SIR-C will allow bct(er  understanding of system trade-off and limitations of this
technique, leading to a fLlture radar mission dedicated to the generation of high
resolution global topographic maps, which at present are available on local and
l<egiona]  sca]es and of inhomogenous qua]ity.
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[Table]
Nmnina]  SIR-C parameters
Missicm parameters
orbit altitude

— -
225 km

Orbit inclination 57°
Grmlnd velocity 7,500 m /sc!c
Antenna boresight 400 from nadir
instrument mass 11,000 kg
IX pOwer ccmsurnpticm 3,000 to 8,500 watts
Missicm  duration 10+1 day each flight
Radar t>arameters

— — -
1 .-band C-band

Wavel&@~
—

‘1’ransmit  peak power
Antenna size
Antenna gain
AIong track beam width
Detectable targetbackscatter
1 lynamic range
Transmit wavefmm
‘1’ransmit  pulse width
Transmit pulse bandwidth
Transmit pulse rate

23.5 cm 5.8 Clll

5,250 watts 1,350 watts
12,02 m by 2.95 m 12,05 m by 0.75 m
37.8 clBi 43.8 dBi
1.05° 0.25°
>–50 dl] >–35 d13
20 dl} (distributed); 50 d?; (point targets)
1,inearly frequency modulated pulse
33.8,16.9,8,44 psec (selectable)
10,20,40 Ml lZ (selectable)
1240 to 2160 Hz (16 selectable)
1 lm-izcmta] and/m vertical
5.2° to 18.4° (8 selectable)
i20° fmm lmrcsight
il 0 frmn bmesight
45 Ml IZ (at 8 bits/sanlple)
4 bits, 8 bits, and 4 bits adaptive quantizaticm

“1’ransmit ~receive pOlarizatiOn
Ant. cross-track beam width
Ant. cross-track beam steering
Ant. along-track beam steering
I>ata digitization rate
llata fmlnat (per sample)
J lat a recording rate 180 Mbits/see
Standard image product parameters
Cross-track swath width 15 to 90 km
ResOlut  icm 25 m by 25 m
AbsO]Llte calibration <+2.3 dI~
Cross-swath calibration <f-l .0 dl~
Pcdarizaticm  amp. imbalance <fl.O.7 d}]

-3-

l’Olarizaticm  phase imbalance <6°
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PUBLIC lNFORMA_l  ION OFFICE
JET PROPULSION LABORATORY
CAJJFOJUJIA  lNSTl~UIE OF TECtlNOllx3Y
NATIONAL AERONAUI”ICS AND SPACE AIJMINISI RATION
PASADENA, CALIF, 91 109.IF,IXPJIONJ3(818) 354-5011

PJIOTO  CAPTJON P-14703
October 3, 1994
Mount Rainier, Wa=,hingtcm
L, c bands

This  u a radar image of Mount Winier in Washingtcm  state The volcano Iasl erupted about 150
years ago and nurnmous  targe flcmda and debris flows hsvc originskd  on its slopes during  & last
msstrrry,  Tcday the volcano is heavily mantled with glaciers and snowf!clds  More than 100,000
people Iivt on young  volcanic mudflows ksa than 10,000 ycara old and, ccxsscqrrcntly,  arc within
the range of fiture, devastating muddida  Thii image was acquirsd  by the Synttrdic  Aperture
Rmtar  (SIR-(YX-SAR)  aboard the spats shuttk  Fndsavour  on its 20th orbit on October 1, 1994.
Ihs  am shown in the image is approximately 59 kilcancters  by 60 kilorrrstcrs  (36.5 mdcs by 37
mika). North is toward ths  top kft of k imags,  wl+$h
cxllora  to ffb?  L-band, horimntally  transmitted and -z$%:z:l?gr”
transmitted and vsrtkdy  rwciwd  Blue irrdicatea  the C-bard, Imrimrrtrdly  trarrsmittcd  ad
vertically rcccivsd.  In addition to highlighting tqographk slop facing  the space shuttle, SIR-C
records rugged w u brighter and smcdt  arcaa as darker. TIM acurc  was illuminstd  by the
ahuttk’s  radar tlons  SJSS  northuut so tJrst northwest-facing slcpm  am brighter ad scuthcast-facing
sl~ arc dark. Forested rsgicms  arc pak gmm in color; clear cuts and bare grourd  are bluish or
pu~k, imh&*~dtiti. W-- Utiatiof&i~ekti 14,435-f@
(4,399-rn&t)  acliw VOJCSOO,  Mount ftninicr.  on IIE lower  slops is. zcsu of rock ridged ad
rsrbbk  (purpk to rcddkfs)  abtrw  ccmifkmw  krrcata  (in ydow@ocn).  Ihc  westcm  boundary of
Mount Rainier National Park is aecn as a tramiticm from prdcctcd,  old-gro@I  fbrcst to heavily
J0pJ3td  private Jand. a mosaic of rccuu cksr ram (bright  purptdblue)  ~ Pafially r%rown  tim~r
pJantaticau  @k blue).  Ihc  pmminmt  riw.r am arrving away frcmr  the mountain at ttw top of the
imSSC (S0 * 00fthv&@  u Sk WhkC  River, and ths rivu kaviw  ths mountain at the  bottom right
of b image (south) is h Niasprrdly Rivu, wiid f!ow out of the Nisqually  glscier  on the
rnmmtain.  TIE riwr Jcavirrg  to ths kfl of the nmsmtain  is USC Grtrcsr River, kading  wat  and north
towwd  km’ity puputatsd  regions near Tamma The  dark patch at the @r right of the  image is
Burnp~  lake, O&s  dark areas acca to the right ofridgu  throughout the image ars radar shadow
-. M_-huti  @*ti A&~*md& mmmtiiW~i@titi
Iincar  rock bouodariw  and tilts.  In additiar,  the  rccovuy  of fim%tcd Jamk fmsn natural dmasters
SdthSNC&SS  OfdbMhtMM“ programs CM atso  bc monitored UJtimstely  this data may bc used
@dyh~d_Of8ti~dtitimOfg~qC.

—

Spa&orns  Imaging Radar-c  and X-band Synthetic Aperture Jbdar (SIR-CM-SAR) is part of
NASA’s Misaim to Pland  F*. The radars illuminate Fdr with microwaves, altowing  tiaded
obscrvsdicns  at any time, rs@rdkas of weather or sunlight ccrsliticm.  SIR<YX-SAR uscx  three
microwmt  wa@csr@hs:  the L-band (24 an), the  C-bard (6 cm) sod ths X-band (3 a-n).  Ihc
muki-frqrmcy data will bc used by ths  irrtcmatkmal aciartifrc  cornnrunity  to trutcr understand the
global sswir-wumst  and how it u changhg  The SIR-4YX-SAR data, canpksncsstcd  by aircraft ad
ground  stud~,  will giw scksrtists  ckarm insights into SJroaC. Cnviraunm Sal change4 which  ars
caused by nature ad tJsoac  - which arc irrdud  by human activity, SIR-C was dcvetopcd  by
NASA’S Jet ProprrIsion Laboratory. X-SAR was developed by the Domier and Atsmia  Spazio
-panics  for the Gemtarr a~cz  agmcy,  Dcutsche  Agentur  fucr  Raumfahrtangclcgmhciten
(DARA),  and h Itatisur  spm  sgsncy,  Agawkr  Spaziale Raliana  (ASI), with the Oerstscfrs
Forachu~wnstalt  fucr Luft und Raumfahri  c.v,(DLR), the msjor  partner in aciawc,  opcratiom
and data processing of X-SAR.

Unnnn



!



1

P(IRI.IC  INI ORMA’J  ION 01”1 I(W
Jf.1 PROI’UI.SION  I. ARORA1  C)RY
(’AI .11 (IRNIA INS1’I”IUI  F. 0[ 1 FCIINCN.OGY
NA 1 IONAI.  AFRONAU1  1(3 AN1)  SPACE ADMINISIRA1  ION
I’ASAIICNA.  CAI.IF  91109 1 I.lH’tlONE.  (818) 354.5011

PIIO1O CAF’I ION P441)9
Cklokr  7, 1994
Mount Pimhdm,  Philippines
L, c balMi6

1 hcsc arc color  mmwile  radar imsgcs  showing  lhc area mound  Mom Pinalubo  in IJU Philippines llsc
mngca were acquired by {ht SpamhrTM  h_nagin8  Radar< ● nd X-band Syntktii  Apcrhwc  Radar (SIR-
CLX-SAR)  aboard  tk cpcc  shuttle  Endcavour  on April 14, 1994 WI image) and Oclo&r  S,1 W4 (right
imngc)  Tk imngea  arc ctntercd al aboul  IJ dcgrw worth  htihuk  and 120.S  &gmca  eaal kmgimdc EMh
images  wrc obtained with Ihs  same tidng  UCOmctry.  The czdos cmnp@itea  wcm m.wk by dispkying  {he
L.kmd  OsOrimnlally  Iransminsd *M rwxivwf)  in rd. the  L-band (horimnrally  Lranamitlcd  and vertically
rccmvrd) in green.  and the  C+arsd (horizontally wansmitkd  mod  verdmlly  rcczivod)  in blus  ‘flsc  ● rea
showm is approximately 40 kilonsctesa  by 65 kilomctcra (25 mika by 40 milts)  ?hc mnin  volcanic craler
on Mount PInatubo  produmd  by the  June IWI  erup4iona  d JIM swp SIOPM  cm  tk u~r flanks  of k
volcano  arc easily seen in Ikac imagsx  fkd on k high slopm  ahmw tk disiribulion of tk aah &pmilcd
during  the 1 W I eruption. which appara  sed because  d tk tow crms-polmimd  radar raurna  at C and L

bands ~ dark drainag=  radiating away from (k summi! ● rc tk smcdh  mtih.  which tvcn three
years afkf the  eruptions ccmlimu to flood tk rives vwlkys  afkt heavy rain Comparing tJu two imagti
shmvs  hai  significant changca  * occurcd  in tk intervening five nvmtha  along  tk Pwsig-Pdrwo rivers

ok dati  ● m in IJK  l-r right oftk imauu)  MudJkmw called “Iahm,’ that CCCUrCd  during tk 1994
monscmn  sawn  filled Lk river valleyt  snowing  du Iaham  to $pmad  over tk surrounding cmunlryaidc
Ilwcc  web  Lmforc tk second  image  was okaincd.  dcvasraling  Iaham more than doubled tk ma
dkctc.d  in tk Pasig-Potrmo  rivers, which ia ckarty  viaibk  M tk incrcsse in dark am on [k h right
of {k imagca  Migralion  OJ depndion  10 tk cast  (right) has  aJTccIcd  many communitia  Ncwty aNcclcd
areas included tk community of BamJor,  Pampanga.  wksc Ilrcmsards  of homca  wrc  buried  in mclera  of
I@ mud and rock as 80,000 people flsd  tk Ialur-strickn  ● rm Sciin!i*  ● rt ckuly  monitoring ik
westward migralion  ( low?md  tk Id in this  image) d tk Iahars  u tk Paaig-WArmo  rivers tsmk to join
with tk Porac  RJVCI,  an area that  ha$ not  accn  kaharic astivity aim tk eruption T?rit  add  lM
devastating because  LIW  Paaig-pchro  rivtra  might  be pumancnlly  mdirccted  to h ekvwtiona  ● long tk
Pomc River wkre wmmunitim  ● rc Icdcd  Grumd  saturadon  with tics  during tk rainy ~ sevcak
inaclivt  chrmnclc  thal  w-em  dry in tk April irwa& A mall Jak Ima lurncd  into a pod in Uu koww
rtacha of tk Pdrero  Rivw  bwmac  tk cbmmch me full d Jahar  dcpmiu  ● nd [k aurfwx  runoff has no
whcrctollmw  Chngmin  ti&~d_n  htiti~mti~lb~&  IWI cru@oncan
also & seen in [he channdc Ihal deliver IJIC mudflow  material to tk Paaig.f%tmxo  rivers ?lw  1 W I
Mount fhnatubo  eruption ia WCII  km fot ita ~-global  cffcds cm tk ● rnmpkrt ● uf ahotI-term
climrde  dti 10 tk karge  ● nount OJ aulrur  dioxkk  that wu injedcd  into tk UWI  atmoapkrc  l~lly,

however, lk cJTccta  will mad  likely amtinuc  to impci  aurmimding au  fos w konfj  w tk nmd 10 to 15
yews Mudllon  quitt  certainly, will continm to pee acvtst hazards  to adjamn!  ● reas Radar
obscrvaliona  like tkw obtained by SIR-UX.SAR will play a key mk in monitoring IkM cfungc$
bccausc  of the mdnr’a ability to mc in @light  w dahncst  and cvtn  in k WQW  wtahcr  wnditiom
Radar imaging will be particularly usdul, for  exampk,  during Ik monamn seasw  wkn tk Mars form
FrcqrJcIIt  imaging of IJICW kahar  fields will allow rnentisu  m ktru @id when tky arc likely to begin
flowing again and which communitkx  might&at n!k

Spwtbmnc  Imaging Radar<  and X-band Syntkkic  @rI”rc  W&r  (S[RUX-SAR) is PII of NASA’[

Mlsaion  10 Plane4  Fmlh  The mdara  illuminntc fifi  tiih ~~. allmdng  skmiled c&acsvtlions  at
any timt,  rcgmdks d wt.alhw os aunlighl  cm-aitiona  SIR-CYX-SAR  uwa (hsm  microwave wavekngtha
L-band (24 cm), C+and  (6 cm) ad X.band (1 cm) Tk multi.  frcq~my  &alJ till be 1A ~ tk

inlcmational scientific  community to txtler  utirstmd  (k global  em.ironmcnl and hmv il is changing
1 he SIR.C/X-SAR  daln.  cxm@enwnkd  by a!rcraft and gmtird  siwks,  WII give  acicnhats  cltmcr  insights
mlo Ihmc environnwnral  changes which arc cauti  by IMIUW and Iksc changes which m induced by
homa.  aclwi!y SIR-C mas developed by NASA’s Jcr Propulsion l,almramry  X.SAR  was dwclo@  by
lhc  [)ormer  and Aknia Spwm  cmmpsmes fol  {k Gcrmnn  apam  agency. lkuwck  Agcn!ur tir
W,[tllfahmngclcgcnhcltcn  (OARA), and Ik Iwllan spare agency, Agcwia  Sp.wmle  Ilaliana  (ASI), with
the  [kulsck Forschungwmmlt  fucr  1 ufi und Raumrahd c V (DIR), tk mayx  partner in science,
o~rat[o!u  and dab  p!oms.sing of X-SAR
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SPACEBORNE IMAGING RADAR-C/
X-BAND SYNTIIETIC APERTURE RADAR

(SIR-C/X-SAR)

PI1OTO CAPTION P-44744
October 10, 1994
Long Valley, California
L band

An area near Long Valley, California, was mapped by the Spaceborne Imaging Radar-C
and X-band Synthetic Aperture Radar aboard the space shuttle Endeavor on April 13,
1994, during the first flight of the radar instrument, and on October 4, 1994, during the
second flight of the radar instrument. The orbital configurations of the two data sets
were ideal for interferometric  combination -- that is overlaying the data from one image
onto a second image of the same area to create an elevation map and obtain estimates of
topography. Once the topography is known, any radar-induced distortions can be
removed and the radar data can be geometrically projected directly onto a standard map
grid for use in a geographical information system. The 50 kilometer by 50 kilometer (31
miles by 31 miles) map shown here is entirely derived from SIR-C L-band radar
(horizontally transmitted and received) results. The color shown in this image is produced
from the interferometrically  determined elevations, while the brightness is determined by
the radar backscatter.  The map is in Universal Transverse Mecator  (UTM)
coordinates. Elevation contour lines are shown every 50 meters (164 feet). Crowley
Lake is the dark feature near the south edge of the map. The Adobe Valley in the
north and the Long Valley in the south are separated by the Glass Mountain Ridge, which
runs through the center of the image. The height accuracy of the interferometrically
derived digital elevation model is estimated to be 20 meters (66 fret) in this image.

-----
Spaceborne Imaging Radar-C and X-band Synthetic Aperture Radar (SIR-C/X-SAR) is
part of NASA’s Mission to Planet Earth. The radars illuminate Earlh with microwaves,
allowing detailed observations at any time, regardless of weather or sunlight conditions.
SIR-C/X-SAR uses three microwave wavelengths: L-band (24 cm), C-band (6 cm) and
X-band (3 cm). The multi-frequency data will be used by the international scientific
community to better understand the global environment and how it is changing. The SIR-
C/X-SAR  data, complemented by aircraft and ground studies, will give scientists clearer
insights into those environmental changes which are caused by nature and those changes
which are induced by human activity. SIR-C was developed by NASA’s Jet Propulsion
Laboratory. X-SAR was developed by the Dornier  and Alenia Spazio companies for the
German space agency, Deutsche Agentur fuer Raumfahrtangelegenheilen  (DARA),  and
the Italian space agency, Agenzia  Spaziale  ltaliana  (ASI), with the Deutsche
Forschungsanstalt fuer Luft und Raumfahrt  e, V.(DLR), the major partner in science,
operations and data processing of X-SAR.
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